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TANK FIRE CONTROL SYSTEMS STUDY

EVALUATION OF SOME ALTERNATIVE SYSTEMS OF
TANK STABILIZATION

ORDNANCE PROJECT TT2-693 FIRE CONTROL PROJECT 429

OBJECT

An investigation of various aspects of the tank stabilization problem was conducted
to provide recommendations to higher echelons of the Ordnance Corps for specific adop-
tion of an optimum stabilization system. This study evaluated the relative effects of
separate stabilization of gun and sight versus combined stabilization, as well as the effects
of varying degrees of stabilization. A scheme known as the three-switch proposal, which
arose during the study, was also investigated. This plan is based upon the use of three

switches in series, which operate automatically to prevent the gun from firing until there
is sufficient probability of a hit.

SUMMARY

This report evaluates the relative merits, as they affect the time to fire the first shot
and the single-shot hit probability, of the following systems of tank stabilization: (1)
the gun and sight stabilized as a unit; (2) the gun and sight stabilized separately, with
various degrees of stabilization; (3) each of these systems in conjunction with the three-
switch proposal. In addition, this report proposes to utilize the mathematical model of
the tank duel as a device for relating the time to fire and the accuracy of fire to the
measure of effectiveness, i.e., probability of surviving a battle. Examples of some simpli-
fied duels and their uses are given.

In order to arrive at the single-shot hit probability, an error analysis of each system
is made in such a manner as to enable the use of available data. For this purpose, the
total error is considered to be composed of four components as follows: (1) the inherent
accuracy of the system, (2) the ranging error, (3) the error due to the moving sight,
and (4) the error due to the moving gun. It is shown that the total error is normally
distributed with a mean of zero and a variance equal to the sum of variances of the
component errors.

Data is presented for the variance of the component errors, which is based on experi-
mental data with the exception of that due to the movement of the sight. Single-shot hit
probability curves are then presented for the various systems under consideration and
for various combinations of magnitudes of the component errors.

As a by-product of the above error analysis, it is shown that neither the burst-on-
target method nor the use of a range finder is feasible in moving fire.

il
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SUMMARY

An examination of the probability of hit data shows that worthwhile increases in
the probability of hit may be obtained by a separate and more tightly stabilized sight,
provided that the standard deviation of the error due to gun movements can be confined
to values of approximately 1 to 114 mils. While it is not considered feasible to accomplish
such small errors due to gun movement by stabilization alone, it is shown that the three-
switch proposal can accomplish this aim in a very economical fashion. It is further shown
that the increase in time to fire the first shot, which is due to the adoption of a three-
switch mechanism, is well within acceptable bounds.

There is some evidence that the above conclusions may be carried even further so
that a final system would consist of a separately stabilized sight, very limited gun stabili-
zation, and a three-switch mechanism.

Because of the preliminary nature of this report and the several items requiring
further investigation, the above conclusions can be accepted only tentatively. These are,
however, of sufficient promise to warrant further study.

AUTHORIZATION

ORDTT: OCM Items 31340, 31415, 31059, 32855; RAD Orders 1-12461, 3-3788;
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EVALUATION OF SOME ALTERNATIVE SYSTEMS
OF TANK STABILIZATION

I. INTRODUCTION
The Problem

During 1951 and 1952 the Fire Control Instrument Group, Frankford Arsenal, inves-
tigated various aspects of the tank stabilization problem. Specific evaluations were made
of the system in which the gun and sight are independently stabilized and of the system in
which only the sight is stabilized. In conjunction with each of these systems, the so-called
three-switch proposal was evaluated.

The three-switch proposal centers about the operation of three switches: one is
thrown by the gunner when he wishes to fire; the other two switches, one for azimuth
and one for elevation, are thrown automatically when the gun comes sufficiently close to
‘“on target” position. When all three switches are “on” at the same time, the gun will
fire. The effect of the system is to keep the gun from firing when it is too likely to miss.

The interrelated properties of time delays in firing and accuracy under this proposal are
studied in this report.

Limitations of the Problem

The approach to this analysis has been to consider only the merits of such systems,
the prior assumption being made that they could be built. No attempt has been made to
consider the detailed engineering of the equipment involved,' and design has been dis-
cussed only: (1) when necessary from the viewpoint of the analysis, or (2) when some
criteria for optimum design would result as a by-product of the systems evaluation.

This is a preliminary report in which very refined or elaborate evaluation is not
intended. The various shortcomings of the analysis are discussed in the body of the text.

It is expected that further study will be of great value. However, since the cost of
such study is high, it was felt that preliminary results should be reported here so that
the project may be re-evaluated in the light of these findings. In general, this report is
not intended to evaluate the usefulness of stabilization per se; it is rather intended to
evaluate some alternative systems of stabilization on the assumption that a system exists
which is worthwhile.?

! Subsequent to the completion of this report, the author became aware of another report of interest to
this problem: “Director Type Tank Stabilization,” Ordnance Division, Minneapolis-Honeywell Regulator
Co., 16 June 1953, CONFIDENTIAL. (Ref. 1). This report discusses the engineering aspects of the
problem.

2In the course of this investigation and the examination of other reports, some doubt arises that the more
basic question of the advisability of any kind of stabilization has been sufficiently investigated.

1
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A Note on Accuracy of Results and Sources of Data

Because of the preliminary nature of this report and the laboriousness of much of
the calculation, the time consumed in checking the accuracy of calculations had to be
held to a minimum. Due caution, of course, was exercised, and all calculations were ex-
amined for reasonableness of results. In addition, gross checks and cross checks were used.

The reader’s attention is particularly directed to the sampling errors inherent in the
“monte carlo” solution. The magnitude of these errors is dependent on the number of
random selections used in the calculations (which are given in appropriate footnotes).

Data from various other reports which are quoted and used in this report are subject
to the following limitations: (1) as in all such studies, the data selected for presentation
represent the author’s views as to the validity and appropriateness of the various avail-
able data; (2) not all data on test results is readily available, so that some better data
may exist of which the author is unaware; and (3) since continual development and
testing is going on in this field, additional (and perhaps better) information may be
available after this report has been completed.

The Moving Fire Problem—Time vs Accuracy

The obvious purpose of stabilization of gun and/or fire control on a tank is to permit
the tank to shoot with reasonable accuracy while it is on the move. There are at least
two situations in which such a facility is considered desirable: (1) in an engagement
with an anti-tank weapon, and (2) in a coordinated tank-infantry assault upon an enemy.
In each of these roles, the advantage of time is gained by stabilization. Of course, the
non-stabilized tank can perform the same functions of defending itself and aiding in an
infantry assault merely by stopping to shoot. This, however, is considered a disadvantage
in each of the above roles since: (1) in a tank to anti-tank battle, the time required for
the tank to stop (while attempting to defend itself) may enabie the enemy to get the first
shot and thus materially lessen survival chances, and (2) the action of periodically stop-
ping to fire during a tank-infantry assault may detrimentally affect the chances of success
of the assault by slowing it down and reducing the shock effect of the tanks on enemy
troops. Clearly, then, the advantage of time, with the correlative ability to fire more
quickly, is what one aims to achieve by tank stabilization.®

Unfortunately, this advantage is not gained without the sacrifice of another impor-
tant factor—accuracy of fire. The movement of the tank will cause perturbations of the
gun and the fire control. These perturbations will, in turn, result in greater shot disper-
sion and reduction in probability of a target hit.

Therefore, a compromise is involved. One desires stabilization in order to gain the
advantage of a first shot, but in order to gain this advantage it is necessary to suffer a
disadvantage ¢f a less accurate first shot. In considering a tank-to-tank battle, time to
fire the first shot—along with accuracy-—has influence on the probability of killing the
enemy tank (or surviving the battle).

A central point of the tank stabilization problem, then, is the amount of accuracy
one can afford to sacrifice in order to gain the advantage of firing the first shot.*

3Decreased vulnerability owing to ability to maneuver is, of course, an obvious additional advantage.
4See Section VIII of this report.
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Some Published Data on Time and Accuracy in Moving Fire

The effects of moving fire on accuracy were brought out by the Armored Medical

Research Laboratory, Fort Knox, Kentucky, in 1944.* A summary of these results is
given in Table 1.

TABLE 1.

Standard Deviation (in mils) of Shots for Stationary Fire, Moving Fire with Gyrostabilizer,
and Moving Fire without Gyrostabilizer—at 500 yd. Range. (Data from Ref. 2.)

Standard Deviations

Azimuth: oy Elevation: oy
Stationary Fire 0.21 0.17
Firing from a halt 0.75 0.90
Moving fire with gyrostabilizer 2.86 2.20
Moving fire without gyrostabilizer 2.80 6.00

The peculiarities of the test from which this data is taken have great influence on
the actual values, but the figures in Table 1 are comparable among themselves and well
illustrate the order of magnitude of accuracy lost with moving fire over firing from a
hailt, and the gains of stabilized moving fire over non-stabilized moving fire.

On the question of time gained, only slight gains in “rounds per minute” are shown
in the Fort Knox report, Ref. 2, However, the experiment is somewhat biased toward
this conclusion. More reliable figures on time are given on page 57 of this report.

The data given in the referenced report applies to firing trials on the M4A2 tank,
which had stabilization in elevation only. Since the date of this report various other
firing trials have been conducted with more recent equipment. A summary of the resuits
of these trials is reproduced in Table 2. It is feit, however, that the ways in which the
tests were conducted are sufficiently different that comparison of the resuits of one trial
with those of another is not warranted. It is the opinion of the writer, based on an
examination of these reports, that about the most that can be said for this data is that:
(1) stabilization in azimuth is worthwhile if stabilization is at all worthwhile, and (2)

some improvement of unknown magnitude in accuracy for elevation has resulted with
the newer stabilization equipment.

Stabilization in Moving Fire

The function of stabilization is to keep the gun and the fire control in a relatively
stable position in space, even though the rest of the tank is affected by perturbations
induced by its motion. Just how stable it is possible to keep the gun and fire control
depends, to a large extent, on how much power is available {0 perform the stabilization
function, and the frequency and amplitude of induced perturbations. The perturbations,
in turn, will depend upon the speed of the tank, the character of the terrain, and some
of the characteristics of the tank, such as the weight and the suspension system. In the
current type of arrangement one may hope to improve the accuracy of fire by attempting

s“Capacities and Limitations of Moving Fire with Gyrostabilizer,” Armored Medical Research Labora-
tory, Fort Knox, Kentucky, 24 May 1244, RESTRICTED, (Ref. 2).
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TABLE 2.

Standard Deviation (in Mils) of Rounds from Mean Center of Impact—
Mean Range 1000-1200 yard.

Ox (-4

y
Tank Stabilizer Course Speed  Azimuth Elevation
M4A3 “Standard” Straight 10 2.45 1.64
M4A3 IBM Straight 6 .90 1.13
Zigzag 6 1.28 1.39
Circular 6 1.72 1.58
M24 IBM Straight 10 .86 .55
Centurion II Metro-Vickers Straight 6 .70 .62
Straight 15 .59 1.23
Zigzag 6 1.03 .78
Mk 111 Circular 6 2.37 1.23
Centurion III Metro-Vickers Straight 10 1.47 1.47
On Road 16 1.1¢ 1.16
Mk IV Zigzag 12 1.84 1.84
Diagonal 12 2.09 2.09
Centurion 111 Metro-Vickers _ Straight (smooth) 6 .70 .64
Straight (smooth) 15 1.25 1.44
Mk IV Straight (rough) 6 .73 .69
Straight (rough) 15 1.04 1.78
Zigzag 6 1.24 .80
Zigzag 15 2.22 1.30
Circular 6 .70 T2
T41 Vickers Straight (smooth) 6 .86 1.46
Straight (smooth) 15 1.15 1.13
Straight (rough) 6 1.63 2.14
Straight (rough) 15 2.86 3.17
Zigzag 6 1.93 2.37
Circular 6 2.04 1.64

51. Data provided by Aberdeen Proving Ground based mainly on various unpublished test results.

to reduce the perturbations of gun and fire control (which are both stabilized together,
and hence to the same degree of tightness). To date such attempts have not been as
satisfactory as desired, partly because of the limited amount of power available for
stabilization. Additional power cannct be made available without drastically increasing
the size, cost, and complexity of the equipment.

As a means of reducing the total firing error of stabilized fire while not substantially
increasing the power requirements, two proposals have been made:

(1) To stabilize the fire control independently from the gun. The basis of this pro-
posal is that, because of the much smaller mass of the fire control, it can be tightly
stabilized if done so separately from the gun. Since the total error in firing is thought
to be a function of errors due to perturbations of fire control,® it is expected that the

$ As well as errors due to gun perturbations.
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reduction in fire control errors, resulting from tighter stabilization of fire control, will
reduce the total firing error.

(2) To restrict the ability of the gun to fire so that it can fire only when it is
sufficiently close to “on target” position.” When this type of firing system (called the
three-switch proposal) is used, one gives up some of the time advantage gained by
stabilization in order to reduce some of the inaccuracy disadvantage which results from
firing on the move, but retains the advantage of reduced vulnerability due to movement.

It is the purpose of this report to evaluate the merits of these two proposals as
compared with the current stabilization system.

As will be seen, the combination of more closely and independently stabilizing the
sight and the three-switch firing system brings about an increase in accuracy without
too much of a sacrifice in time to fire. In fact, it will be shown that a closely and independ-
ently stabilized sight and a three-switch firing arrangement without any gun stabiliza-
tion (or only very loose gun stabilization) is a most promising arrangement.

Before presenting the evaluation of the alternative systems of stabilization, it is
considered desirable to investigate the sources of error and the magnitudes of each.

TFor explanation of this system see Section IV, “The Three-Switch Firing Proposal.”
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6 FIRING ERRORS

IL ERRORS OF MOVING TANK FIRE
Components of the Total Firing Error

All of the errors® in moving tank fire are included among the following:

1. “Inherent” errors which apply to the simplest situation of a tank standing still
and shooting at a stationary target at known range. Some of the sources of this error
include those due to inaccurate correction for barrel wear, nonstandard ballistic condi-
tions, cross-winds, ammunition dispersion, fire control errors due to design limitations
(such as backlash, parallax, superelevation input data, etc.), failure to sight exactly on
target center, etc. This type of error will be called stationary fire error and will be
denoted by the symbol A.

2. The error due to range estimation (whether range estimation is visual or with
the aid of a range finder). This type of error will be called range error and will be
denoted by the symbol R.

3. The error due to the movement of the gun. This type of error comes about in
moving fire because the gun is constantly going through perturbations induced by the
movement of the tank. The stabilization system reduces the amount of gun perturbations,
but they still occur with sufficient angular travel to remain an important source of firing
error. This type of error will be referred to as gun error and will be denoted by G.

4. The error due to sighting which comes about because of perturbations induced
by the moving tank on the sight. The sight is assumed to be going through perturbations
around some fixed line in space which is controlled by the gunner when he precesses the
gyvro by moving his handwheels. It is the departure of this sight line from a line to

target center (at the time the gunner fires) which will be referred to here as the sight
error and will be denoted by S.

Total Firing Error as a Function of Component Errors

Consider the case of stabilization in which the sight is slaved to the gun. Both the
sight and the gun are instantaneously going through identical perturbations. There is a
time lag, however, between the instant (a) that the gunner decides ke is on target and
wishes to fire, and the instant (b) in which the gun fires. This time lag is sufficiently
long (approximately 1% second) so that there is no relationship between the gun posi-
tions at (a) and (b).* This means, of course, that choosing an instant to fire which is
based on the sight movements is equivalent to picking a gun position at random from
a distribution of gun positions.

Now consider the effect of each error in azimuth on the position of the shot. The
gun and sight will be displaced a certain number of feet (S) from target center owing
to aiming or sighting error—say position 1. This error is the distance between the line
of sight and the line to target center at the time the gunner decides to fire. During the
time lag, however, the gun has departed from position 1 a distance G to position 2. Its
position is then (G + S) feet from target center. The shell will depart from position 2

$With the exception of cant, lead estimation, and berding of the gun tube. These items were not con-
sidered because it was desired to reduce the calculations to manageable proportions. It is expected that
none of the conclusions of this report will be affected by exclusion of these items from the study.
$ AMRL, op. cit., Ref. 2.
Analysis of perturbation data for runs of the Centurion II tank also show that for a time lag of

this type as large as 14o second there exists no relationship between the position of the gun at one instant
and another.
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during its flight a distance A to pesition 3, which is equal to (G + S + A) feet from
target center.!® A similar argument holds for elevation.

In symbols, if T is the total error, then Ty = S, + G4 + A, and Te = S» + Gr +
Ay + Rg, where the subscripts A and E denote azimuth and elevation, respectively. Since
both total errors are linear functions of random variables, the mean (7) and the standard
deviation (dr) of the distribution of total errors is given by

T.=8.+G,+ 4, :Tn=sz+6s+zz+f_3& )

GTA2 = GSAZ + °°A2 + GAA2 67'32 = 6332 + 6052 + GA: + c”zz 2

It is expected that the form of the distribution of Tz and T, will be approximately
normal, since it is experimentally found that 4 is normally distributed while S, G, and R

are reasonably close to being normally distributed, and the errors S, G, 4, and R are
not correlated with each other."

Magnitudes of the Sources of Error
Stationary Firing Error

The value of ¢, will depend on the ammunition, gun, atmospheric conditions, etc.,
and is expected to be relatively stable at a value of approximately 0.2 mil.}?

Range Error

The value of ; will depend on whether range estimation is visual or with the aid
of a range finder. We have:

Sy = [16.1(%)2] Ogu o

where r = true range
¥V = average shell velocity
Ors — standard deviation of range estimation error (in percent).

The derivation of equation 3 is given at the end of this section.

In the case of visual range estimation, Gg,, = 1.25 X (% Mean Range Estimation
Error) where experimental data places the figure for MREE at from 17% to 20%."
The distribution of range errors is experimentally found to be normally distributed
with a mean of zero.!*

10 The time sequence above is adopted for convenience of exposition. This constrains a difference in defi-
nition of the errors in which some errors defined under A are assumed to occur unde: G. Since addition
is associative, however, the end result is not affected. It is to be expected that the errors S and G would
be slightly correlated, but the influence of this is small and will be neglected.

11 The distribution of shots from a moving tank has been found experimentally to be approximately nor-
mally distributed. See, for example, Figure 16 of AMRL Report, op. cit., Ref. 2.

12 AMRL Report, op. cit., Ref. 2.

Also, F. 1. Hill, BRL Report No. 739, “Report of First Tank Conference Held at Aberdeen,”
SECRET. (Ref. 3).

13 Various other studies of visual range estimation at the Artillery School, Fort Sill, Oklahoma, and the
Armored School, Fort Knox, Kentucky, place this figure at from 25% to 50%. For the purpose of this
report, however, the 179 to 209 figure is considered the more reliable (BRL Report No. 739, above).

14 Hill, Peterson, and Zeller, BRL Report No. M554, “A Study of the Range Finder for the Light Tank
T41EL,” (Ref. 4). Also Ref. 3.

CONFIDENTIAL

o .. ) . . .
. ’ b
S .
- . -

)
: ’%———._‘(’;/



5 L A S

o 2

w0

iy

gc. 2o

CONFDENTIAL

8 FIRING ERRORS

In the case of a coincidence range finder on a moving tank, Aberdeen tests indicate
that the mean range estimation error is about 7%.!* (Since no data was available at the
time of this report on the accuracy of the stereoscopic or stadiometric range finder in
stabilized fire, only the coincidence range finder is considered.)

The calculations in this report are based on a mean range estimation error of 5%
and 10% to represent upper and lower limits of accuracy of stabilized fire with a range
finder. Calculations based on a mean range estimation error of 17% and 20% represent
the upper and lower limits of accuracy when visual estimation is used.

The range error is also a function of the kind of ammunition used and the caliber
of the gun. Calculations for the 75 mm and 90 mm gun using APC and HVAP shot are
included in this report.

Gun Error

The magnitude of 5; will depend on the tightness of stabilization, the suspension
system of the tank, the weight of the gun, the character of the terrain over which the
tank is traveling, the speed of the tank, etc. This figure has been obtained for various
combinations of the above conditions. A summary of this data, which is given in Table 3,
is derived from boresight camera records of gun movements during tank runs under
test conditions.

On some tesis the character of the ground was clearly not representative of battle
ground, and for most tests the character of the ground was unknown. Much better data
of this type is needed for a more reﬁ_ned analysis.

Sight Error

The gunner acts somewhat as an averaging mechanism in determining the sight
line; that is, he attempts to place his average gun position {(and hence sight position)
on the target. It appears obvious that the larger the perturbations of the gun, the more
the error which will be made in this attempt. No quantitative data on the magnitude
of this error, however, has been found.

It is the opinion of the writer that a figure of 5y = 34 mil represents a minimum
figure for present-day equipment with sight and gun stabilized together.

In the opinion of design engineers, 3; = 14 mil is a reasonable goal for the system
wherein the sight and gun are separately stabilized. It is expected to be so small because
of the much reduced perturbations of the sight when it is stabilized separately.

Needless to say, the desirability of separate stabilization of gun and sight, as com-
pared with combined stabilization, depends exclusively on the data used for Js.

13 Report of the First Tank Conference held at Aberdeen, op. cit., Ref. 3:

“The Tank T41, equipped with a coincidence type range finder, was operated over smooth, medium,
and severe terrain. The operator was instructed to range on a fixed target as frequently as possible.
Three operators were used to obtain 363 moving observations at ranges between 500 and 2500 yards,
with the result that only 5.2% of the observations were in error by more than 17% of true range.” On
the assumption that the distribution of the 362 observations (for percent of true range) is normally
distributed with 1 mean of zero, it follows from normal curve considerations that MREE = 7%, Because
of the large spread of true ranges, the assumption of a normal distribution is a bit weak. However,
since it is found experimentally that, for a fixed range, this value is about normally distributed, it is
felt that a MREE of 7% as calculated is satisfactory for a rough figure of the accuracy of ranging
with a range finder in stabilized fire.

CONFIDENTIAL




CONRDENTIAL

EVALUATION OF TANK STABILIZATION SYSTEMS 9

Derivation of Expression for Range Error Standard Deviation

sty e et e oS

2
. r
To derive: 0 = 16.1 <—_V—) OEat (16)
where: 0p = standard deviation of shot due to range estimation error
r = true range
V = average velocity of shell
Og,« = Standard deviation of range estimation error (in %).

Let Ah be the height of the projectile above the line of sight as it flies along its
trajectory, and let the subscript e refer to an estimated condition. At the estimated
range, 7,,

Ah=0=r.tang — 1% gt.?
where 4 is the angle of elevation of the gun
t, is the time of flight of the projectile (including drag)
g is the acceleration of gravity.

Then ¢, = ; = -:—_ i
7, 1%
where V is the mean speed of the projectile to the range considered.
From the above two equations we have
T r, \?
b t2""9=9?5'—2',sincer,tzm0=Vggtf:}/2g<—.f)
¥ However, at the true range to the target, r,
¥ r \?
§ Ak = rtan § — l4g ——-‘;’
g 2
S T T
5 = g, =1 =1.
15,2 % ( v >
g If the range estimation error is a constant fraction, p, of the true range, then
3 re.=Q0Q+p)r
t Also v, =V
: and ArR=(Q1+ P)E(V) = 5(7)
_1 7
= 2P

2
g, = 161 (%) Oat

18 Derivation supplied by Aberdeen Proving Ground and appears in Hill et al, op. cit., Ref. 4.
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10 FIRING ERRORS
TABLE 3.
Summary of Results on Continuous Tracking—Test of 1948
CENTURION
Horizontal Vertical
Duration Speed
Chart of of Tank S. D. S.D.
No. Run Course mph Gunner in mils in mils

1 1’ 427 Straight 6 A 0.8 1.0
11 1/ 46” Straight 6 A 0.6 0.9
II1 17 47" Straight 6 B 1.0 1.4
v 1’ 63" Straight 6 B 0.6 0.9
v 1’ 48” Straight 5 C 0.9 1.6
VI 42" Straight 15 A 1.0 1.6
VII 45" Straight 16 B 0.9 1.4
VIII 45" Straight 15 B 1.1 1.5
IX 44" Straight 15 C 1.2 1.6
X 1’ 658” Zigzag 6 B 2.0 1.3
XI 1’ 50” Zigzag 6 C 2.3 1.7
XII 2’ 10" Zigzag 6 A 1.8 0.9
XIII 49" Zigzag 15 A 2.6 1.8
XI1v 48" Zigzag 15 A 3.0 2.0
Xv 4" Zigzag 15 B 4.1 2.2
XVl 48" Zigzag 15 C 3.5 2.1
XVII 1 0" Circular 6 C 4.3 1.8
XVIII 1 0 Circular 6 C 3.4 1.8
XIX 17 07 Circular "6 B 2.6 1.3
XX 1 0" Circular 6 B 3.3 1.4
XXI 1 0" Circular 6 A 3.7 1.8
XXII 1 0" Circular 6 A 2.9 2.1
M4 (STANDARD)

XXIII 1’ 42” Straight 6 C 8.8 2.2
XXIV 1/ 33" Straight 6 A 6.3 1.8
XXv 1’ 41” Straight 6 B 5.2 2.0
XXVI 47" Straight 15 C 12.0 2.7
XXVII 45" Straight 16 A 10.3 4.0
XXVIII 46" Straight 15 B 7.0 3.1
XXIX 1’ 56" Zigzag 6 C 27.0 5.2
XXX 1’ 52" Zigzag 6 A 18.9 3.1
XXXI1 1/ 50” Zigzag 6 B 27.0 2.9

52. Data provided by Aberdeen Proving Ground.
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III. SEPARATE STABILIZATION OF THE SIGHT AND GUN

Because of the large contribution of the sight error and the gun error to the total
error (particularly for moderate ranges at which tank battles with stabilized tanks would
take place), it is desirable to reduce one or both of these errors. This may be accom-
plished for the sight by separate and tighter stabilization and for the gun by either tighter
stabilization or by a firing mechanism which will not permit the gun to fire when the gun
error is too large. Thi~ ..oction is concerned with the possibilities of tighter stabilization.

The gun, being a rather large mass, requires a considerable amount of power to
accomplish a tighter stabilization. Since no additional large amounts of power can be
made available without unduly increasing the size, cost, and complexity of the stabilization
equipment, tighter stabilization of the gun is generally considered not feasible. It has,
however, been thought that the sight may be more tightly stabilized either by making
small additional amounts of power available for the total stabilization function or by
using some of the power presently used to stabilize the gun. It is then desired to determine
the effect on total error (and, hence, single-shot probability of hit) which would result
from such a separate stabilization of gun and sight.}*

Figures 1 to 24 show probability of hitting a Tl4 ft. square target (as a function

of range) for various values of gun error, sight error, and factors affecting the range
error.'*

With the assumption that the current value of 95 is 34 mil and that the additional
power to be made available would enable a reduction of 35 to 14 mil, Table 4 gives for
each of these sight errors the probability of hit for various values of gun error for two
ammunition types and for visual and optical ranging.

Several conclusions may be drawn from Table 4:

(1) The greatest increases in probability, when the sight error is decreased, take
place at smaller ranges—in general, at ranges less than 1000 yds.

(2) The greatest increases in probability, when the sight error is decreased, occur
when the gun error is small: in general, the gun error has marked influence in over-
shadowing an improvement in sight error when the gun error is greater than 1145 mils
for ranges of less than 700 yds. and 1 mil for ranges up to 1500 yds.

(3) For almost all conditions shown in the table, the gain in probability of hit due
to lowering the sight error is approximately the same whether AP or HVAP shot is used.

In general, the table merely states that a moderate decrease in one component of the
total error will yield significant increases in the probability of hit, provided that the other
componeits are not too large in relation to it. This is, of course, a well-known principle.
The primary value of Table 4 is that it gives a quantitative meaning to this statement.
Table 4 indicates that it may be worthwhile to decrease the sight error, provided that no
increase in the gun error takes place.!

17 See also Section V of this report dealing with stabilization of the sight only.

18 When interpreting the data on probability of hit, it is necessary to keep in mind that some kinds of
errors have not beer included, viz. lead estimation, cant correction, and bending of the gun tube. Thus,
these figures are to be compared only for relative values under different conditions and are not expected
to agree with field trials.

191 other factors are equal, the probability of hit will remain unchanged even though G5 and gg are
changed, provided that (3¢ 4 T¢?) is kept constant.
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TABLE 4.

Increase in Probability of Hitting a 71; ft. Square Target due to Decreasing the Sighting
Error from 3; mil to 4 mil

AP Shot
MREE = .10 MREE = .20
G(mil) 14 1 1Y% 14 1 114

Range S(mil) % U b P73 b P24 U b2 % 1 U b4
300 1.00 1.00 1.00 1.00 .97 .99 1.00 1.00 1.00 1.00 .96 .98
500 99 100 .88 .99 .78 .81 .94 1.00 .8 .95 .11 .79
700 .85 %8 .68 .82 .49 .58 75 .8 60 .73 .46 .53
1000 .57 .80 .40 .51 .26 .32 .33 .54 .31 .39 .22 .26
1300 .36 .60 .24 .32 .16 .20 .23 .31 .17 .21 .12 .14
1500 .26 .41 .13 .23 .11 .14 .16 22 .12 .14 .09 .10
1700 .20 .32 183 .17 .09 .11 11 .15 .08 .10 .06 .07
2000 13 21 .08 .12 .06 .08 .07 .10 .05 .07 .04 .05

HVAP Shot
300 1.00 1.00 1.00 1.00 .97 99 1.00 1.00 1.00 1.00 96 99
500 99 1.00 .8 .99 .73 8 96 100 .89 .99 .72 .80
700 91 1.00 .69 .84 .49 .59 78 .97 .66 .80 .47 .55
1000 .63 .89 .42 55 .29 .33 49 .73 37T .47 .26 .31
1300 43 64 .27 .36 17T .21 .32 45 .22 29 .15 .19
1500 .32 .49 21 28 .13 .16 .23 .32 .16 .21 .11 .13
1700 .25 39 .16 .21 .10 .12 .16 .22 .12 .15 .08 .09
2000 A7 .27 .11 18 07 .08 .10 .14 .07 .09 .05 .07
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IV. THE THREE-SWITCH FIRING PROPOSAL

As previously stated, the probability of a hit may be increased by reducing the gun
error. This may be accomplished by tighter stabilization of the gun, but the fact that
much additional power is required to accomplish the aim in this manner precludes any
substantial gain in over-all accuracy by this method.?®

An alternative procedure of reducing the gun error by a device referred to as the
three-switch proposal has been suggested.!' The essence of this proposal is that the gun
is permitted to fire only when it is within a certain distance (both in azimuth and eleva-
tion) from the sight gyro line. Mechanically, the gunner operates the first switch when
he wishes to fire; if the gun is within a distance = A4 in azimuth from the line of the
sight gyro and also within a distance = E in elevation from the line of the sight gyro,
then it will fire. If the zun is not within this region (called the firing region), then it
will not fire until, as a result of its perturbations, it moves into the region.

This device effectively results in a refusal to fire unless at least a certain probability
of hit is assured; or conversely, if the shot is going to miss the target (with high prob-
ability), the gun will not be fired.?*

Since, under the three-switch proposal, firing will sometimes be delayed, it is neces-
sary to consider the probability of a delay in firing and the probable duration of a delay,
as well as the accuracy of firing when it takes place. In addition to previously mentioned
factors affecting accuracy, the size of the firing region must be considered. As the firing
region is made smaller, the accuracy of fire imposed by the three-switch method increases.
So also, unfortunately, does the frequency of delays in firing and their probable duration.

Accuracy of Fire

To obtain the probability of hit with the three-switch arrangement, the following
quantities are needed: (1) the probability of a delay in firing (P»); (2) the probability
of hit in the case of instant firing (P,) ; and (3) the probability of hit in the event of a
delay in firing (P;). This last probability has been calculated by a method known as
“monte carlo.”** The probability of hit calculations of this section are approximations
due to the simplifying assumption covered in the next section as well as the factors
enumerated in this section.

Let P* be the total probability of hit. Then

P* = (1.— Py) P, + P,- Py (4)

20 It will be seen in this section that a greater gain is made by the three-switch proposal than by main-

taining the present degree of gun stabilization when G¢ is large, as in the case of high speed on rough
ground.

21 This general type of device is not new. It was used during World War II by the Germans and during
the Korean conflict on Russian-built tanks. A similar device is also used in aircraft fire control.

22 It may also be desirable to limit the ability of the gun to fire to instances where the angular velocity
is less than some quantity to be determined by the size of the firing region. See pp 37.
22 For information on the nature of this type of calculation procedure see:

(a) G. W. King, “Operational Analysis,” Proceedings of the Annual Middle Atlantic Conference,
February 1951, Ref. 5.

(b) Proceedings of the following seminars by International Business Machines Corporation: Sci-

entific Computation (Nov. 1949), Computation (Dec. 1949) and Industrial Computation (Sept. 1950).
(Ref. 6).

(c) “Stochastic (Monte Carlo) Attenuation Analysis,” Rand Corporation, 1949. (Ref. 7).
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20 THREE-SWITCH PROPOSAL

where P, depends on the dimensions of the firing region and the gun perturbations as
follows for azimuth:

A
1 p 2
0= r i m{-‘ﬂ %)]“ ®
¢ - :

and similarly for elevation.

A = 1% the side of a firing region and 9, is the variance of gun perturbations taken
along the time scale (the gun perturbations assumed to be normally distributed). The
value of P, is obtained from

3.75

1 WNEAY
P, = Ve exp {— 15 (c—r) :|dx (6)

-3.75

where 3.75 is one-half the side of a 715 ft. square target and ¢,2 = 5,2 4 0> + a5° + ug.
1L (A S(AV
A/ 21r( 0’0) e:tp[— 2 ("—c) -l
Mg =S¢ |+ 1 - M
1 -1 ( ) |dz
c’a\/é?r o up,: € (ca) :l

where A and G have the same meaning as previously defined.**
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